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Aim. The aim of our study was to follow the persistence of viral RNA in selected organs of experimentally
infected with coxsackievirus (CV) B5 strains from different sources such as a patient’s sample, an en-
vironmental sample and a prototype virus strain. Methods.  CD-1 mice were infected with CVB5 strain
Faulkner the prototype, CVB5 – isolate from treated sewage waste and isolate from patient’s stool sample
both identified as CVB5. The viral RNA was detected by RT-PCR using enterovirus primers specific for the
non-coding 5' region. Results. We observed presence of RNA in the brain and heart of mice infected with
isolate from patient’s stool at day 45 post infection (p. i.). Conclusion. We conclude that CVB5 persists in
the brain and heart after oral infection of CD1 mice. The relevance of viral persistence maybe related viral
origin and the genetics.
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Introduction. Coxsackievirus B5 (CVB5) belongs to
the genus Enterovirus and the family Picornaviridae.
Epidemiological data have shown that this serotype is
one of the most frequently isolated enteroviruses from
infected humans [1].
CVB5 is associated often with meningitis, sporadic
cases of neurological diseases, and chronic diseases
such as cardiomyopathy and diabetes. Coxsackievirus
and echovirus are frequent causes of aseptic meningitis, 
particularly in children, but are rarely life threatening.
Fatality has been reported as in a case of meningoence-
phalitis [2], in immunosuppressed patient. 
These viruses exist as circulating heterogeneous
virus populations of genetic variants as other entero-
viruses. Mice are used for studying pathogenesis of
coxsackieviruses due to the presence of mouse coxsa-
ckie-adenovirus receptor (mCAR) which exists on cells 
of different organs. 
 Our aim was to study the persistence of viral RNA
in different organs of experimentally infected mice.
Materials and methods. Virus and cells.  CVB5 
(Faulkner) was obtained from the former National
Institute of Health, Prague, Czech Republic, and pro-
pagated in Green monkey kidney (GMK) cells.  S1 B5
(identified as CVB5) – isolate from the interphase
formed during sewage treatment and S2 B5 (identified
as CVB5) – isolate from patient’s stool sample. GMK
cells were used for virus propagation and titrations.
Cells were grown in Eagle’s minimum essential me-
dium (MEM(E)) supplemented with 10% heat in-
activated bovine serum (at 56 °C) for cell growth and 5
or 2 % serum for maintenance and infection. For plaque 
purification the double layer technique was used. The
method was standardized in our laboratory, details have 
been described by Motusova et al. [3].
Selected virus plaques were picked up and suspen-
ded in 0.5 ml MEM(E) and used for further stock prepa- 
rations and studies. 
Virus isolations from organs and stools were
checked as described previously [4] in Hep2 cells.
Mice. CD1 3–4 weeks old (10–12 g) were acquired
from HARLAN (Italy). Mice were housed two or three
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per cage and supplied with sterile water and commer-
cial food pellets (Topdovo). Permission for the animal
work was obtained from the Ethics Committee of the
Slovak Health University and the State Veterinary and
Food Control Authority of the Slovak Republic.
 Oral infection. Oral infection of mice has been de-
scribed previously [4, 5]. Mice were divided into four
groups of 20 mice. Each group received 0.5 ml virus
suspension or PBS (uninfected controls). The virus do-
se used for inoculation was 107 TCID50 of each CVB5
(Faulkner), S1 B5 CVB5 – isolate from the interphase
of treated sewage sample and S2 B5 CVB5 – isolate
from patient’s stool sample. Mice were sacrificed and
organs (heart, pancreas, brain) were collected from
each group of 5 infected mice/group and 5 control mice/ 
group  at days 5, 10 and 45 post infection.  Organs were
collected separately; snap frozen and stored at –80 oC. 
PCR analysis. RNA was extracted from snap-fro-
zen organs (heart, brain, pancreas) with a Mammalian
Total RNA kit («Invitrogen», USA). cDNA synthesis
and cDNA amplification were performed by using
a single tube method with The SuperScript III One-Step 
RT-PCR System with Platinum Taq High Fidelity («In- 
vitrogen») as has been described [4, 6].  Nested RT-
PCR was done.  Primers used were targeted to the 5'
non-coding region as described by de Leeuw et al. [6]
and Bopegamage et al. [4].
Results and discussion. In the present study we ha- 
ve studied the presence of viral RNA in organs of CD1
outbred mice infected by three different CVB5 strains
(patient’s isolate and an isolate identified as CVB5
from treated sewage sample and the prototype strain).
Viral RNA was detected in the brain and heart of mice
infected with isolate from patient’s stool at day 45 p. i.
(Table), replicating virus was not isolated at this period
in any of the organs at this time period. The latest
interval studied by us previous to the day 45 p. i. was
day 10 p. i. when the replicating virus is usually iso-
lated. At day 10 p. i. maximum positives were found in
mice infected with the isolate from patient’s stool S2
B5 CVB5. Presence of viral RNA in the brain in an
experimental model has not been studied previously. A
single positive mouse for viral RNA can be explained
due to the outbred mice used by us. Prolonged presence
of viral RNA in a single mouse in the late phases after
infection is common. 
In our previous study [4], we had shown prolonged
presence of viral RNA in the pancreas and small in-
testine of Swiss outbred mice infected orally by CVB3
(Nancy strain) given at different doses. CVB infection
and persistence of viral RNA leading to direct damage
of the cardiomyocytes have been studied by Andreoletti 
et al. [7], Kandolf et al. [8], and Klingel et al. [9] who
have used inbred A/J mice. CVB3 persistence and in-
bred mouse strains has been reviewed by Chapman and
Kim [10] and Klingel [11]. Persistence of the viral RNA 
in the brain of experimentally infected mice by any
CVB has not been studied before. In the last few years
in humans the persistent enteroviruses have been sus-
pected to be the cause of various central nervous system 
(CNS) and muscle disorders of unknown etiology, in-
cluding motor neurone disease, post-polio syndrome,
the chronic fatigue syndrome [12]. The mechanism of
viral persistence for enterovirus is not known. The sug-
gested mechanisms include mutations from lytic to
non-lytic or defective mutants and change in cell tro-
pism [13], and the asymmetrical ratio of plus to minus
strand RNA by Tracy [14]. Furthermore mutations in
the stem loop II of the 5' non coding structure has been
suggested by Dunn et al. [15]. Our observations could
be explained as to the difference in the virus strains,
even within the 5 mice in that particular group to the
outbred model used by us. Sequencing of the persistent
RNA from the organs and comparison to the original
viral RNA is required to be studied further.
Conclusion. We conclude that CVB5 persists in the 
brain and heart after oral infection of CD1 mice. The
relevance of viral persistence maybe related viral origin 
and the genetics. 
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PROLONGED PRESENCE OF RNA IN THE BRAIN IN MURINE EXPERIMENTAL INFECTION BY COXSACKIEVIRUS B5
Virus Heart Pancreas Brain
CVB5* 0/5 0/5 0/5
S1 B5 0/5 0/5 0/5
S2 B5 1/5** 0/5 1/5
CVB5* – Coxsackievirus B5 strain Faulkner (prototype virus); S1
B5 – isolate from treated sewage sample identified as CVB5 labeled as
S1; S2 B5 – isolate from patient’s stool identified as CVB5 labeled as
S2; **number of organs positive for viral RNA/total number of organs
tested.
Presence of viral RNA in organs of orally infected CD1 outbred
mice at day 45 p. i.
Д. Стіпа ло ва, М. Сой ка, М. Бор сань йо ва, М. Ба ду ро ва,
Л. Ма ро зо ва, З. Шо бо то ва, С. Бо пе га ма ге 
Збе ре жен ня вірус ної РНК у го лов но му моз ку ми шей,  
ек спе ри мен таль но інфіко ва них віру сом Кок сакі В5 
Ре зю ме
Мета на шо го досліджен ня по ля га ла у тому, щоб про слідку ва -
ти, як  вірус на РНК зберігається в окре мих орга нах ми шей,  ек-
спе ри мен таль но інфіко ва них де я ки ми шта ма ми вірусу Кок сакі 
(ВК) B5, виділе но му з різних дже рел: із зраз ка пацієнта, на вко -
лиш ньо го се ре до ви ща і шта му про то ти пу вірусу. Ме то ди. Ми -
шей CD-1 інфіку ва ли ВКВ5 – про то ти пом Фол кне ра і дво ма
віру са ми, іден тифіко ва ни ми як ВКВ5: пер ший виділено з об -
роб ле них відходів стічних вод, дру гий – із фе калій пацієнта.
Вірус ну РНК ви яв ле но ме то дом РТ-ПЛР з ви ко рис тан ням
прай мерів, спе ци фич них для не ко ду ю чих 5'-діля нок ен те рові-
русів. Ре зуль та ты. Ми спос терігали при сутність РНК вірусу
в го лов но му моз ку і серці ми шей, інфіко ва них ізо ля том із фека-
лій пацієнта на 45-й день після за ра жен ня (PI). Вис нов ки.
Зроб ле но вис но вок сто сов но того, що ВКВ5 зберігається в
моз ку і серці після пе ро раль но го за ра жен ня CD1 ми шей. Сту-
пінь вірус ної стійкості можу бути по в’я за ний з по ход жен ням
вірусу та його ге не ти кою.
Клю чові сло ва: вірус Кок сакі B5, миші, мо зок, стійкість.
Д. Сти па ло ва, М. Сой ка, М. Бор сань йо ва, М. Ба ду ро ва,
Л. Ма ро зо ва, З. Шо бо то ва, С. Бо пе га ма ге 
Сох ра не ние ви рус ной РНК в го лов ном моз ге мы шей,  
экс пе ри мен таль но ин фи ци ро ван ных ви ру сом Кок са ки В5 
Ре зю ме
Цель на ше го ис сле до ва ния со сто я ла в том, что бы про сле -
дить, как ви рус ная РНК со хра ня ет ся в от дель ных орга нах мы -
шей, экс пе ри мен таль но ин фи ци ро ван ных раз лич ны ми штам-
мами ви ру са Кок са ки (ВК) B5, вы де лен ны ми из раз ных ис точ -
ни ков: из об раз ца па ци ен та, окру жа ю щей сре ды и штам ма
про то ти па ви ру са. Ме то ды. Мы шей CD-1 ин фи ци ро ва ли
ВКВ5 – про то ти пом Фол кне ра и дву мя ви ру са ми, иден ти фи ци -
ро ван ны ми как ВКВ5: пер вый вы де лен из об ра бо тан ных от хо -
дов сточ ных вод, вто рой – из фе ка лий па ци ен та. Ви рус ная
РНК об на ру же на ме то дом РТ-ПЦР с ис поль зо ва ни ем прай ме -
ров, спе ци фич ных для неко ди ру ю щих 5' учас тков эн те ро ви ру -
сов. Ре зуль та ты. Мы на блю да ли при су тствие РНК ви ру са в
го лов ном моз ге и сер дце мы шей, ин фи ци ро ван ных изо ля том из
фе ка лий па ци ен та на 45-й день по сле за ра же ния (PI). Вы во ды.
Сде лан вы вод о том, что ВКВ5 со хра ня ет ся в моз ге и сер дце
по сле пе ро раль но го за ра же ния CD1 мы шей. Сте пень ви рус ной
устой чи вос ти мо жет быть свя за на с про ис хож де ни ем ви ру са
и его ге не ти кой.
Клю че вые сло ва: ви рус Кок са ки B5, мыши, мозг, устой чи вость.
REFERENCES
1. Lindberg A. M., Polacek C. Molecular analysis of the proto-
type coxsackievirus B5 genome // Arch. Virol.–2000.–145,
N 2.–P. 205–221.
2. Cree B. C., Bernardini G. L., Hays A. P., Lowe G. A fatal case of
coxsackievirus B4 meningoencephalitis // Arch Neurol.–
2003.–60, N 1.–P.107–112. 
3. Motusova J., Sojka M., Stipalova D. Standardization of plaque
purification for coxsackieviruses // Coxsackieviruses and ani-
mal models: Basics and experiences of our laboratory / Ed. S.
Bopegamage.–Bratislava: Asklepios, 2008.– P. 91–95.
4. Bopegamage S., Kovacova J., Vargova A., Motusova J., Petro-
vicova A., Benkovicova M., Gomolcak P., Bakkers J., van Kup-
peveld F., Melchers W. J., Galama J. M. Coxsackie B virus in-
fection of mice: inoculation by the oral route protects the pan-
creas from damage, but not from infection // J. Gen. Virol.–
2005.–86, pt 12.–P. 3271–3280.
5.  Bopegamage S., Borsanyiova M., Vargova A., Petrovicova A.,
Benkovicova M., Gomolcak P. Coxsackievirus infection of mice 
I. Viral kinetics and histopathological changes in mice experi-
mentally infected with coxsackieviruses B3 and B4 by the oral
route // Acta Virol.–2003.–47, N 4.– P. 245–251.
6.  De Leeuw N., Melchers W. J. G., Willemse D. F. M., Balk A. H.
M. M., de Jonge N., Galama J. M. D. The diagnostic value of
PCR for diagnosis of enteroviral infections // Serodiag. Immu-
nother. Infect. Dis. J.–1994.–6, N 4.–P. 189–195.
7. Andreoletti L., Hober D., Becquart P., Belaich S., Copin M. C.,
Lambert V., Wattre P. Experimental CVB3-induced chronic myo-
carditis in two murine strains: evidence of interrelationships
between virus replication and myocardial damage in persistent
cardiac infection // J. Med. Virol.–1997.–52, N 2.– P. 206–214.
8. Kandolf R., Klingel K., Zell R., Selinka H. C., Raab U., Schnei-
der-Brachert W., Bultmann B. Molecular pathogenesis of ente-
rovirus-induced myocarditis: virus persistence and chronic in-
flammation // Intervirology.–1993.–35, N 1–4.–P. 140–151.
9. Klingel K., Hohenadi C., Canu A., Albrecht M., Seemann M.,
Mall G., Kandolf R. Ongoing enterovirus-induced myocarditis
is associated with persistent heart muscle infection: quantitati-
ve analysis of virus replication, tissue damage, and inflamma-
tion // Proc. Natl Acad. Sci. USA.–1992.–89, N 1.–P. 314–318.
10. Chapman N. M., Kim K.-S. Persistent coxsackievirus infection:
Enterovirus persistence in chronic myocarditis and dilated car-
diomyopathy // Curr. Top. Microbiol. Immunol.–2008.– 323.–
P. 275–292.
11. Klingel K. Molecular biologic detection of virus infection
myocarditic and dilated cardiomyopathy // Myocarditis from
bench and bedside / Ed. L. T. Coopers, Jr.–New Jersey: Hu-
mana press, 2003.–P. 295–324.
12. Gow J. W., Behan W. M. H., Cash P., Simpson K., Behan P. O.
Genomic and template RNA transcription in a model of per-
sistent enteroviral infection // J. NeuroVirol.–1997.–3, N 1.–
P. 76–82.
13. Pelletier I., Couderc T., Borzakian S., Wyckoff E., Crainic R.,
Ehrenfeld E., Colbere-Garapin F. Characterization of persistent 
poliovirus mutants selected in human neuroblastoma cells //
Virology–1991.–180, N 2.–P. 729–737.
14. Tracy S. The genome of the Group B coxsackieviruses // Coxsa-
ckieviruses – a general update / Eds M. Bendinelli, H. Fried-
man.–New York: Plenum Publ., 1988.–P. 19–33.
15. Dunn J. J., Bradrick S. S., Chapman N. M., Tracy S. M., Romero
J. R. The stem loop II within the 5' nontranslated region of cli-
nical coxsackievirus B3 genomes determines cardiovirulence
phenotype in a murine model // J. Infect. Dis–2003.–187, N 10.– 
P. 1552–1561. 
UDC 57.017.2 + 578.835.1
Received 10.01.11
164
STIPALOVA D. ET AL.
